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laiTOOY  AMD  TDIB  BBTA  HAT  SPECTRA  OF  FISSIOW  PROIOCT3 
OF  V***  IT  FISSIOW  WBUntOilS  AMD  U*»*  BT  14  HgT  WBimoifS^ 

nraitoDucTioi? 

Ih«  prlaary  purpose  of  this  nsaorsndxoi  Is  to  prorlds  a 
praotleal  sstlaato  of  ths  bota  raj  spootrua  from  fission 
products  at  short  times  after  fission. 

The  machine  program  dereloped  to  furnish  this  Informa¬ 
tion  automatically  prorldes  the  spectrum  for  later  times  at 
Tory  little  additional  effort,  together  with  the  distribution 
of  beta  radiation  by  specific  nuclides. 

This  Information  has  been  developed  and  Is  presented 
In  this  memorandum  for  14  KEY  neutron  fissioning  of  XJ***  and 
also  for  U***  fissioned  by  fission  neutrons. 

MBTHOD 

The  disintegration  rate  ^J(t),  for  the  fission 

fragment  of  a  chain  was  generated  by  solving  the  differential 
equation  for  the  decay  chain  and  conqputlng  the  activity 
at  a  series  of  times  t. 


1/  Acknowledgement  is  made  of~'the  valuable  assistance  given  to 
me  by  Dr.  Qeorge  E.  P\]gh.  Hiss  Joanna  Frawley,  Mrs.  Elaine 
Marcuse,  and  Mrs.  Juanita  Pz>loe  In  the  development  and 
calculations  needed  for  this  paper. 
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^j(t)  was  then  multiplied  by  a  function  Pj(^)  which 
gives  the  probability  that  the  decay  yields  a  beta  ray  with 
kinetic  energy  E.  The  product  ^.(t)pj(B)dE  gives  the 
number  of  beta  rays  at  a  given  energy  and  time  from  the  J 
lsotoi>e«  In  the  energy  range  between  E  and  E  +  dE. 

The  product  fij(t)pj'E)  was  sianmed  over  all  known  or 
postulated  members  of  a  specific  fission  chain  with  mass 
number  A.  Ohls  yields 

^Pj(t)pj'E).  (1) 

J 

If  the  above  expression  Is  then  summed  over  all  fission 
chains  with  mass  numbers  from  about  72  to  162,  the  conqplete 
energy  and  time  function  Is  obtained  for  the  beta  activity 
from  fission. 

p(E,t)  -  Y, 

A  J 


INPUT  DATA 

The  congplete  summation  expressed  In  equation  (2)  requires 
Input  data  of  two  general  categories;  they  are: 

a.  The  Initial  fission  abundance  of  the  Isotopes  by 
chain  mass  niimber  A  and  by  charge  distribution  Z 
within  the  chain  A.  This,  plus  the  decay  time  constants, 
suffice  to  calculate  Pj(t). 


-  ir"  - 
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b.  The  beta  ray  «nd  point  energy  plus  the  forbidden 

degree  of  the  beta  transition.  These  factors  enable  the 
calculation  of  the  probability  function  Pj(^) • 

The  Initial  mass  yields  from  fission  of  U*®*  by  14.7  MEV 
neutrons  actually  used  In  this  deyelopment  were  expeirlmentally 
determined  and  reported  In  Los  Alamos  Repoz>t>  LA  1997.  The  solid 
line  In  Figure  1  represents  data  taken  from  LA  1997*  The  dashed 
line  fills  In  the  mass  yields  below  A  >  90.  niese  were  taken 
from  the  work  of  J.  0.  Cunlnghame^  and  smoothed  Into  the  Los 
Alamos  results.  Figure  2  gives  the  fission  spectrum  neutron 
mass  yield  from  U**®  fission.  This  curve  was  synthesized  by 
altering  the  thermal  neutron  yield  so  that  the  valley  fragment 
yields  were  Increased  to  lie  between  capsule  and  1  BfEV  neutron 
fission  yields^  the  double  peaks  suppressed  to  lie  between  the 
loiown  14  NEV  and  thermal  yields,  and  the  wings  opened  to  half 
the  difference  between  the  14.7  MEV  and  thermal  yields. 


The  distribution  of  nuclear  charge  In  fission  occurring 
within  a  given  mass  chain  has  been,  and  remains,  a  somewhat 
imcertaln  theoretical  experimental  problem.-^ 


1/  J.  Q.  Cunlnghame,  toie  ^ss  Yield  Curve  for  Fission  of 
Natural  Uranium  by  l4  HEV  Heutrons,  J.  Inorg.  Nucl. 
Chem.  5,  1  U957r. 

^  For  a  more  complete  discussion  see  L.  E.  Qlendenln, 

D.  C.  Coryell,  and  R.  R.  Edwards,  Paper  52,  p.  489, 
Radio  Chemical  Studies,  The  Fission  Products  Book  1, 
Hb^raw-Hlll'. -  - 
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The  postulate  of  eq\ial  charge  displacement  was  used  In 
this  study  to  obtain  the  most  probable  division  of  charge 
between  the  two  fission  fragments  of  U*®®.  The  most  probable 
charge^  division  leads  to  equal  (Z^  -  Z^)  values  for  the 
two  fission  fragment s«  where  Z^  Is  the  most  probable  charge 
for  the  fragment  and  Z^  the  hypothetical  charge  of  maximum 
stability  for  a  given  mass  chain  niunber  A. 

It  was  assiimed  that  the  distribution  of  charge  around 
the  most  probable  charge  Z^  Is  symmetrical,.  The  fraction 
of  the  total  Initial  chain  yield  In  any  chain  number  Z  Is 
calculated  from  Its  Z  -  Z^  value  using  Figure  52.2  on  page 
495  of  footnote  2,  page  3  of  this  paper. 

The  equal  charge  displacement  and  symmetrical  distribu¬ 
tion  around  this  most  probable  charge  appears  reasonable  In 
view  of  the  experimental  agreement  for  the  observed  shielded 
nuclides  Br®*,  Rb®®,  Ca^®®  and  Xe^®®.  The  fraction  of  the 
total  Initial  number  of  U®®®  fission  products  In  various 
chain  positions  was  determined  'uaing  the  aLove<-procedure . 

^  The  most  probable  nuclear  charge  division  defines,  for 
primary  fission  products  of  a  specific  mass  chain,  the 
hypothetical  Z-  value  aroxind  which  other  Initial  members 
of  the  chain  are  distributed  according  to  the  various 
charge  distribution  postulates,  e.g.,  for  the  equal  charge 
displacement  postulate  the  predicted  most  probable  nuclear 
ch'ii'ges  for  primary  products  of  masses  82  and  86  are  32.4 
and  34.0. 
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The  decay  constante^  of  more  than  50  percent  of  the 
possible  412  fission  fragments  have  not  been  experimentally 
observed  nor  Investigated.  The  decay  schemes  used  by  Bolles 
and  Ballou^  were  used  In  the  computations  described  herein 
for  U**®.  Some  202  nuclides  half  lives  In  these  decay  schemes 
have  not  as  yet  been  observed  but  calculated  values  were  used. 


In  the  case  of  the  decay  constants  and  Independent  yields 
of  U*®®  by  14  MEV  neutrons  the  values  used  were  those  calculated 
by  P.  J.  Dolan^  In  these  calculations^  the  most  probable 
charge  for  a  fission  fragment  of  given  mass  was  determined 
according  to  the  theory  of  Pappas^  as  extended  by  Ford  and 
Ollmore 


It  was  necessary  to  assign  a  fraction  of  parent  activity 
going  to  each  Isomer  where  a  chain  contained  an  Isomeric  pair. 


ly  llatest  data  from  D.  Stromlnger,  J.  M.  Hollander,  and 
Q.  T.  Seaborg,  Rev.  Mod.  Phys.  30,  585  (1958). 

2/  R.  C.  Bolles  and  N.  E.  Ballou,  Calculated  Activities  yid 
Abimdances  of  U®®®  Fission  Products,  U.S.  Radiological 
ibefense  Laboratories,  tJSlWtDlL-45b,  30  August  1956. 

2/  P.  J.  Dolan,  Gamma  Spectra  of  U_  ®  Fission  Products  at 

Various  Times  after  Fission,  berense  Atomic  Support  Agency 
Ebport  5’^,"Ma3n‘555" - 

jjy'  A.  C.  Pappas,  A  Radiochemical  Study  of  Fission  Yields  In 
the  Region  of  3hell  Perturbations  on  the  Effects  of  Closed 
Shells  In  Fission,  Laboratory  for  I^uclear  Science, 
Massachusetts  Institute  of  Technology,  Technical  Report 
No.  63,  15  September  1953* 

^  G.  P.  Ford  and  J.  S.  Gilmore,  Mass  Yields  FTOm  Fission  By 
Neutrons  Between  Thermal  and  l4.7  MEV,  !Los  Alamos  Scientific 
Laboratory  of  University  of  Calif omla,  LA  1997,  February  1956 
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Most  of  these  proportions  were  known  from  experimental 
determination.  When  lacking.  Isomeric  activity  was  estimated 
from  measured  fission  yield  of  one  Isomer  and  the  total  chain 
yield.  Arbitrary  ratios  of  50-50  of  the  parent  activity  of 
Rb*^,  and  Cs^^®  were  assigned  to  each  daxjghter  Isomer. 

THE  BETA  END  POINT  ENERGIES 

Available  experimentally  determined  beta  ray  end  point 
kinetic  energies  were  assigned  to  their  corresponding  l80toi)es. 

For  a  rough  prediction  of  the  total  beta  decay  energy 
^  of  unknown  nuclides  or  beta  activity  too  short  to  have 
been  determined,  the  procedure  suggested  by  Coryell'^  was  used. 
(See  Table  I  for  the  calculated  results.)  Any  loss  of  this 
available  energy  Qg  to  gamma  ray  transitions  In  the  short 
half  life  \inknown  decays  was  Ignored.  By  so  doing,  this 
report  can  only  hope  to  develop  an  approximate  uppei*  limit 
for  the  high  energy  portion  of  the  beta  8i)ectrum  and  for 
times  less  than  30  seconds  after  fission. 

ALLOWED  AND  FORBIDDEN  SPECTRA 

In  general,  where  experimentation  classified  the  transi¬ 
tions  as  allowed  or  forbidden,  the  appropriate  energy-shaping 
expression  or  connection  factors  were  used.  When  experimental 

1/  C.  D.  Coryell,  teeta  Decay  Energetics,  Annxial  Review  of 
Nuclear  SclenceT  VoV.  iV  1^53  .  p  ."^^IT  TPNCCffSSIPIED) . 
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results  were  lacking,  the  forbiddenness  was  chosen  to  agree 
with  the  Pt  values  of  Pelngold'^  or  the  classification  based 
upon  the  nuclear  shell  structure  of  M.  a.  Mayer.-^^ 

LIMITATIONS  OP  THE  HALF  LIFE.  END  POINT  ENEROY  AND  PORBIDDENNESS 

mm  BATA' - —  - 

vrhlle  It  Is  common  practice  to  assTome  100  percent  beta 
transition  between  ground  states  whenever  experimental  Infor¬ 
mation  Is  unavailable,  studies  by  Perkins  and  Klng^  have  shown 
that  this  slnq;)llfl cation  may  lead  to  errors  In  both  the  beta 
and  gamma  radiation  associated  with  fission.  In  their  px*ocedvire, 
which  Is  adjusted  to  be  consistent  with  the  experimentally 
measured  total  gamma  energy  from  all  the  fission  product  decay, 
a  single  "effective"  beta  and  gamma  tremsltlon  Is  used  and 
adjusted  to  account  for  the  mass  difference  between  parent  and 
daxighter. 


This  sharing  of  the  total  energy  between  effective  beta 
and  geunma  would  result  In  somewhat  lower  beta  and  point 
energies  than  that  used  in  this  study.  In  addition.  If  the 
single  "effective"  beta  and  gamma  transition  recipe  for  luiknown 
decays  wex*e  used,  a  readjustment  of  half  lives  towards  smaller 
values  would  result. 


1/  A.  R.  Felngold,  Table  of  ^t  Values  In  Beta  Decay,  Review  of 
Modem  Phyllcs,  VoT/'S,  15517 

2/  M.  Q.  Mayer  and  S.  A.  Moszkowskl,  Nuc ley  Shell  Structure  and 
Beta  Decay.  I.  Odd  A  Nuclei.  Review  of  Modem  Physics.  Vol. 

1551,  pp.  - 

^  L.  W.  Nordhelm,  Nuclear  Shell  Stmcture  and  Beta  Decay  II. 
Even  A  Nuclei,  Review  of  Modem  Physics,  Vol.  23,  1951 ^ 
pp.  322-327. 

R.  W.  King  and  J.  P.  Perkins,  lye rse  Beta  Decay  and  the  Two 
Component  Ney mns ,  Phys.  Rev.  Vol.  112,  Mo.  3,  pp.  903 -960, 
November  1,  195^. 
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In  the  near  future  It  is  planned  to  investigate  the 
effect  on  our  results  of  incorporating  new  data  for  the  unknown 
decays,  based  upon  the  proced\ire  siaggested  by  King  eind  Perkins. 

INPUT  DATA  TABULATION 

Table  II  displays  all  the  input  data  used  in  carrying  out 
the  calculations.  The  tabulated  data,  from  left  to  right,  is: 

X  (decay  constant),  and  P^aae  (initial  fission 

abiindance),  (beta  end  point  energy),  A  (the  fraction  going 

by  beta  decay),  and  symbols  0  for  allowed  and  1  for  forbidden 
spectra.  The  values  of  X  ,  P^aas#  P^aas,  and  are 

printed  directly  from  a  computer  tabulation.  The  last  two 
digits  represent  the  power  of  10  by  which  the  remaining 
digits,  treated  as  an  eight  place  decimal,  are  to  be  multiplied. 
51  in  this  position  represents  10^,  50  represents  10°,  49 

represents  10”^,  etc. 

Many  of  the  decay  schemes  contain  disintegrations  yielding 
beta,  gamma  and  neutrons.  The  concern  in  this  report  is  only 
with  Isotopes  yielding  beta  rays.  In  order  to  maintain  the 
proper  rate  of  change  and  growth  for  the  Isotopes  in  these  chain 
decay  schemes  and  avoid  unnecessary  complication  of  the  program, 
a  simple  procedure  was  used  which  Includes  transitions  due  to 
all  emissions.  However,  in  the  computation  of  Pj(t),  each 
member  of  a  chain  was  assigned  a  multiplication  operator  A  , 
expressing  the  percent  of  the  decay  that  proceeds  by  beta 
emission.  Where  only  Isomeric  gamma  decays  or  neutron  decays 
WSEG  RM  19  -  8  - 


occur^  A  is  taken  as  zero.  By  assigning  zero  and  end-point 
beta  energy  to  non-beta  transitions,  we  are  assured  of  their 
not  being  calculated  or  tabulated  either  In  the  end  product 
of  the  Pj(t)pj(E)  calculation  or  In  the  machine  summation 
of  Bj(t),  which  tests  for  non-zero  end  point  energy. 

TABULATION  OP  FORMULAE 

There  Is  an  assigned  Initial  abundance  to  every  possible 
Isotope  resulting  from  fission.  As  time  proceeds  each  Isotope 
will  decay  In  abxmdance,  characteristic  of  Its  decay  constant. 
In  addition,  the  Instantaneous  amount  of  each  Isotope  may  be 
Increased  due  to  the  decay  of  the  members  of  the  chain. 


The  machine  program  used  to  analyze  the  decay  of  the 
fission  fragments  and  coxqpute  based  upon  the 

following  differential  equation: 


(3) 

where 

Pj(t)  -  T^jAjCt) 

and 

Aj(t) 

Is  the  amount  of  the 

time  t. 

Isotope  at 

where  J  ■  1  .  .  .  1^.  The  time  differential  expresses 

the  rate  of  change  of  an  Isotope  (A.)  with  decay  constant  1\., 

J  J 

In  terms  of  all  previous  members  of  a  chain  and  their  decay 
constants . 
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We  assume  a  solution  of  the  form 


1 


(4) 


where  the  constants  7^^^  are  to  be  determined  from  the  fol 
lowing  recursion  relationships: 


1.^-1 

-  L  "^ij  • 


(5) 

(6) 


If  a  fission  fragment  mass  chain  A  has  a  nuclear  charge 
dlstx*lbutlon  from  Z  to  (Z-f  n),  the  total  Instantaneous 
chain  activity  Is 


T 

.1-  Z 


ej(t)  . 


The  total  activity  at  t»t^  from  all  fission  chains  (A- 
to  162)  used  In  this  study  Is 


72 


(7) 


A*=7  2 


Z  +  n 

I 

J  «Z 


(8) 


THE  PROBABILITY  FUNCTION  p(E) 

p(E)dE  Is  the  probability  that  a  beta  emitted  from  the 
J  Isotope  has  an  energy  between  E  and  E  +  dE,  and  is  of 
the  form: 
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(9) 


vrtiere 


E(E^  -  1)^  (Eo  -  E)^  F(Z  +  1,E)  •  i 

i 

I  E(E=  -  1)  (Eo  -  E)^  F(Z+  1,E)  .  g^^dE 


E  =»  beta  energy  In  rest  mass  (m^c®)  units 
Eq  ■  beta  end  point  energy  In  units 

P(Z  +  1,E)  =  energy  correction  term  due  to  the  Coulomb 

distortion  of  an  electron  wave  amplitude  in 
the  Coulomb  field  of  the  nucleus^ 


S 

i 


Fermi's  fimdamental  coupling  constant 


<1  > 


<a  > 


A  coefficient  in  the  general  expression  indicating  a 
nuclear  matrix  element  mixture  of  vector  and  pseudo¬ 
vector  coupling. 


If  it  c£Ln  be  assumed  that  the  nuclear  matrix  element  expression 
in  (9)  is  not  a  function  of  the  beta  or  neutrino  energy,  then  (9) 
reduces  to 


p  /£)  E(E^  -1)^~  (Eo  -  E)^  P(Z  +  l.E) 

y'  E(e2  -  i)^  (Eo  -  E)2  F(Z  +  l,E)dE 


(10) 


which  covers  in  our  study  the  allowed  and  once  forbidden 
transitions  having  allowed  shapes.  To  allow  for  isotopes 
having  forbidden  shapes,  Pj(E)  is  modified  as  follows; 

Values  for  this  Coulomb  Function  were  calculated  using  The 
Table  of  the  Qamma  Function  for  Complex  Arg\mients,  U.S, 
Bureau  of  Standards, 
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Pj(E) 


E(E°  -  l!)^  (Eo  -  E)^  F(Z  +  i.E)  »  f  (E^  -  1)  +  (Ep  -  E)^  1° 

Eo 

J  E(E®  -  1)^  (Eo  -  B)*  P(Z  +  1,E)  ((E®  -  1)  +  (Eo  -  E)®)®dE 
^  (11) 


nAiere  a  Is  the  degree  of  forbiddenness.  In  this  study  a  -  0 
covers  all  allowed  and  once  forbidden  transitions  haying  allowed 
shapes,  a  -  1  Is  used  to  cover  other  once  or  twice  forl^dden 

I 

transitions*  The  energy  esqpresslon  In  the  brackets  Is  the  well- 
known  p*  +  electron  and  neutrino  momenttun  correction  term  In 
m^c*  imlts. 


FINAL  EXPRESSION 

For  the  member  J  -  Z  of  chain  A  In  equation  (11) 

^ZA^^^  Is  given  by  equation  (5)*  and  Is  the  fraction  of  the 
decay  that  goes  by  a  beta  ray. 


RESULTS 

Some  selected  resultsi'^  of  this  analysis,  as  carried  out 
on  the  IBM  650,  are  plotted  In  Figure  3  for  and  Figure  4 

for  U*®®.  These  two  figures  give  the  number  of  beta  rays  per 
fission  per  energy  Interval  for  any  specific  energy.  The  short 
time  contribution  from  highly  energetic  short-lived  Isotopes  Is 
q\ilte  apparent. 

V  The  complete  calculation  for  expression  (12)  for  all  values 
of  time  Is  on  file  Ih  IDA/WSEO  and  Is  available  upon 
request. 
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Figures  5(a)  through  5(q)  and  6(a)  throxigh  6(q)  present 
some  processed  data^  the  percent  of  total  beta  energy  per 
fission  per  Isotope  versus  time.  All  fission  chains  and 
their  constituent  members  are  Included  for  U®*®  and  U***. 

Figures  7  and  8  present  for  U**®  and  U*®®  the  total 
beta  activity  per  fission  summed  over  all  energy  versus  time. 

Figures  9  and  10  present  the  total  beta  energy  released 
per  fission  per  second  versus  the  kinetic  energy  of  the  beta 
rays  from  fission  fragment  of  U*®®  and  U*®®. 

Figures  11  and  12  present  the  percent  of  the  total 
beta  activity  per  fission  for  a  few  selected  times  versus 
the  kinetic  energy  of  the  beta  rays  from  U*®®  and  U®®® 
fission  fragments. 

Figures  13  and  l4  present  the  percent  of  the  total 
beta  energy  per  Interval  for  a  few  selected  times  versus  the 
kinetic  energy  of  the  beta  rays  from  u*®®  and  U®®®  fission 
fragments. 

Figure  15  compares  the  result  of  this  study  with  Its 
assumption  of  all  beta  transition  to  ground  state  for  short 
half-life  unknowns,  to  those  of  Cameron^  and  Klng.^  While 

V  A.  o.  w.  Cameron.  Chalk  River  ^ro.lect  -  69O,  1957. 

^  R.  W.  King  and  J.  F.  Perkins ,  Inverse  Beta  Decay  and  the 
Two-Component  Neutrons ,  Phys.  Rev.,  Vol.  112,  No.  3* 
pp.  963-966,  November  1,  1958. 
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this  study  used  fission  spectrum  neutrons  in  fission, 

the  expected  difference  with  thermal  neutrons  should  he  very 
small.  It  is  apparent  from  Plg\ire  15  that  the  King  and  Perkins 
assumption — of  Q_  being  shared  by  beta  transitions  to  non- 
gz*o\ind  levels  as  i^ell  as  gamma  from  the  excited  levels  to  ground — 
yields  a  somewhat  lower  niunber  of  high  energy  betas.  The  results 
of  this  study  agree  very  well  with  those  bassd-upon  Cameron's 
total  disintegration  energies  for  the  imknown  decays. 
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TABLE  I 


CALCULATED  BETA  END  POINT  ENEROIES 


a/ 


^  Two  primary  sources  were  used  In  these  calculations, 
values  were  taken  from  Coryell  and  Sugarman. 

Radiochemical  Studies;  The  Fission  Product  Book  1, 
McOraw-Hlll,  page  494,  Figure  51.1  and  Table  52.10, 
page  312. 


Table  II  (page  325) >  Table  IV 

(page  331)  and  Table  I  (page  320),  respectively,  of 
Annxial  Review  of  Nuclear  Science,  Vol.  II,  1953. 

The  basic  equations  are: 


(1) 

(2) 


«B  -  ®a(2a  -  Z 

-  V^A  -  2 


0.5)  ±  6^ 
0.5)  ± 


for 

(A 

even) . 

for 

(A 

odd) . 
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TABLE  I 


CALCULATED  BETA  EWD  POPIT  EWKROIES 


A 

Z 

Ja. 

A. 

A  even 
^  A 

A  odd 

eA 

Uee  eq. 
with 

lf\ 

• 

1 

1 

-  *  -5) 

Q®(HEV) 

72 

28 

32 

2.45 

2.82 

3.5 

8.58 

5.76 

29 

+ 

2.5 

6.12 

8.94 

73 

28 

32.3 

2.42 

-.3 

3.8 

9.20 

9.50 

29 

+ 

2.6 

6.78 

6.48 

30 

- 

1.8 

4.36 

4.66 

74 

28 

32.7 

2.38 

2.38 

4.2 

10.00 

7.17 

29 

+ 

3.2 

7.62 

10.45 

30 

- 

2.2 

5.24 

2.41 

75 

29 

33 

2.36 

-.3 

+ 

3.5 

8.26 

7.96 

30 

- 

2.5 

5.90 

6.20 

31 

+ 

1.5 

3.54 

3.24 

76 

29 

33.4 

2.34 

2.84 

+ 

3.9 

9.13 

11.97 

30 

- 

2.9 

6.79 

3.95 

77 

29 

33.8 

2.31 

-.3 

+ 

4.3 

9.93 

9.63 

30 

- 

3.3 

7.62 

7.92 

31 

+ 

2.3 

5.31 

5.01 

32 

- 

1.3 

3.00 

3.30 

33 

-.1 

+ 

0.3 

0.69 

.59 

78 

30 

34.2 

2.29 

2.86 

3.7 

8.47 

5.61 

31 

+ 

2.7 

6.18 

9.04 

79 

30 

34.6 

2.27 

-.3 

4.1 

9.31 

9.61 

31 

+ 

3.1 

7.04 

6.74 

32 

- 

2.1 

4.77 

5.07 

80 

30 

35 

2.24 

2.86 

_ 

4.5 

10.08 

7.22 

31 

+ 

3.5 

7.84 

10.70 

32 

- 

2.5 

5.60 

2.74 

81 

31 

35.5 

2.21 

-.3 

+ 

4.0 

8.84 

8.54 

32 

-.3 

- 

3.0 

6.63 

6.93 

33 

-.1 

+ 

2.0 

4.42 

4.32 

34 

-.1 

- 

1.0 

2.21 

2.31 

82 

31 

36 

2.18 

2.87 

+ 

4.5 

9.81 

12.68 

32 

- 

3.5 

7.63 

4.76 

33 

+ 

2.5 

5.45 

8.32 
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TABlg  I  (Coatlaued) 


Ja. 

A  mrea 

A  odd 

rr 

Itae  eq. 
vlth 

^A  '  ^  -5 

- 

Z  -.5)  qB(me7) 

83 

32 

36.2 

2.16 

-.3 

3.8 

8.21 

8.51 

33 

-.1 

+ 

2.8 

6.05 

5.95 

3k 

-.1 

- 

1.8 

3.89 

3.99 

8i^ 

32 

36.7 

2.14 

2.68 

4.2 

8.99 

6.11 

33 

+ 

3.2 

6.85 

9.73 

85 

32 

37 

2.12 

-.3 

4.5 

9.54 

9.64 

33 

-.1 

+ 

3.5 

7.42 

7.32 

3k 

-.1 

- 

2.5 

5.30 

5.40 

36 

-.1 

- 

0.5 

1.06 

1.16 

86 

32 

37.5 

2.09 

2.88 

5.0 

10.45 

7.57 

33 

+ 

4.0 

8.36 

11.24 

3^ 

- 

3.0 

6.27 

3.39 

35 

+ 

2.0 

4.18 

7.06 

87 

33 

2.06 

-.1 

+ 

4.5 

9.27 

9.17 

3k 

-.1 

- 

3.5 

7.21 

7.31 

36 

-.1 

+ 

1.5 

3.09 

2.99 

68 

3k 

26.5 

2.03 

2.68 

4.0 

6.12 

5.24 

35 

+ 

3.0 

6.09 

8.97 

36 

- 

2.0 

4.06 

1.18 

89 

3k 

39 

2.01 

-.1 

4.5 

9.04 

9.14 

35 

-.1 

+ 

3.5 

7.04 

6.94 

36 

-.1 

- 

2.5 

5.02 

5.12 

90 

3k 

39.4 

1.99 

2.88 

- 

4.9 

9.75 

6.87 

91 

35 

39.9 

1.97 

-.1 

+ 

4.4 

8.67 

8.57 

36 

-.1 

- 

3.4 

6.70 

6.60 

37 

-.1 

+ 

2.4 

4.73 

4.63 

39 

+.4 

+ 

0.4 

0.79 

1.19 

92 

35 

40.3 

1.96 

2.88 

+ 

4.8 

9.41 

12.29 

36+ 

- 

3.8 

7.45 

4.57 

37 

+ 

2.8 

5.49 

8.37 

93 

36 

40.7 

1.94 

-.1 

- 

4.2 

8.15 

8.25 

37 

-.1 

+ 

3.2 

6.21 

6.11 

38 

-.1 

- 

2.2 

4.27 

4.37 

9k 

36 

4l.l 

1.92 

2.88 

- 

4.6 

8.83 

5.95 

37 

+ 

3.6 

6.91 

9.79 

38 

- 

2.6 

4.99 

2.11 
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TABLE  I  (Continued) 


A 

z 

A  even 

TT- 

A  0^ 

Use  e^. 
vith 

^A  -5 

»a(*A  -5) 

G®(»1EV) 

95 

36 

41.6 

1.90 

-.1 

5.1 

9.69 

9.79 

37 

-.1 

+ 

4.1 

7.79 

7.69 

38 

-.1 

- 

3.1 

5.89 

5.99 

39 

+.4 

+ 

2.1 

3.99 

4.39 

4l 

+.4 

+ 

0.1 

0.19 

.59 

96 

37 

42.1 

1.88 

2.87 

+ 

4.6 

8.65 

11.52 

38 

- 

3.6 

6.77 

3.90 

39 

♦ 

2.6 

4.89 

7.76 

97 

37 

42.6 

1.86 

-.1 

+ 

5.1 

9.49 

9.39 

38 

-.1 

4.1 

7.63 

7.73 

39 

+.4 

+ 

3.1 

5.77 

5.17 

4l 

■*..4 

+ 

1.1 

2.05 

2.45 

98 

38 

43 

1.85 

2.85 

4.5 

8.32 

5.47 

39 

+ 

3.5 

6.48 

9.33 

40 

m 

2.5 

4.62 

1.77 

4l 

+ 

1.5 

2.78 

5.63 

99 

39 

43.5 

1.83 

.4 

+ 

4.0 

7.32 

7.72 

4o 

.4 

- 

3.0 

5.49 

5.09 

43 

.4 

+ 

0.0 

0 

.4 

100 

39 

44 

i.ai 

2.84 

♦ 

4.5 

8.14 

10.98 

4o 

. 

3.5 

6.34 

3.50 

41 

+ 

2.5 

4.52 

7.36 

101 

39 

44.4 

1.79 

1-.4 

+ 

*♦.9 

8.77 

9.17 

40 

+.4 

• 

3.9 

6.98 

6.58 

4l 

+.4 

+ 

?  9 

5.19 

5.59 

102 

4o 

44.8 

1.78 

2.82 

4.3 

7.65 

4.83 

4l- 

+ 

3.3 

5.87 

8.69 

42 

- 

2.3 

4.09 

1.27 

103 

40 

45.2 

1.76 

.4 

4.7 

8.27 

7.87 

4l 

.4 

+ 

3.7 

6.51 

6.91 

42 

.4 

- 

2.7 

4.75 

4.35 

104 

40 

45.6 

1.75 

2.80 

5.1 

8.92 

6.12 

4l 

+ 

4.1 

7.18 

9.98 

42 

3.1 

5.42 

2.62 

WSEO 

RM 

19 

-  18 

TABLE  I  (Continued) 


A  even 

A  odd 

Use  eq. 
with 

A 

z 

Ca 

«A 

^A  -  -5 

-  *  -5) 

a®(MEV) 

105 

Ul 

46.0 

1.73 

.4 

+ 

4.5 

7.78 

8.16 

42 

.4 

- 

3.5 

6.06 

5.66 

43 

.4 

+ 

2.5 

4.32 

4.72 

45 

.4 

+ 

0.5 

.66 

1.26 

106 

41 

46.4 

1.72 

2.77 

+ 

4.9 

8.43 

11.20 

42 

- 

3.9 

6.71 

3.94 

+ 

2.9 

4.99 

7.76 

107 

4l 

56.8 

1.70 

.4 

5.3 

9.01 

9.4i 

42 

.4 

- 

4.3 

7.31 

6.91 

.4 

+ 

3.3 

5.61 

6.01 

108 

42 

47.2 

1.68 

2.74 

4.7 

7.90 

5.16 

43 

+ 

3.7 

6.22 

6.96 

44 

- 

2.7 

4.54 

1.80 

109 

42 

47.5 

1.67 

.4 

_ 

5.0 

8.35 

7.95 

43 

.4 

+ 

4.0 

6.66 

7.08 

44 

.4 

- 

3.0 

5.01 

4.61 

45 

.2 

+ 

2.0 

3.34 

3.54 

110 

42 

47.8 

1.66 

2.72 

a. 

5.3 

8.80 

6.08 

43 

+ 

4.3 

7.14 

9.86 

44 

- 

3.3 

5.48 

2.76 

45 

+ 

2.3 

3.82 

6.54 

111 

43 

48.1 

1.65 

.4 

+ 

4.6 

7.59 

7.99 

44 

.4 

- 

3.6 

5.94 

5.54 

45 

.2 

+ 

2.6 

4.29 

4.49 

112 

43 

48.4 

1.64 

2.69 

+ 

4.9 

8.04 

10.73 

44 

- 

3.9 

6.40 

3.71 

45 

+ 

2.9 

4.76 

7.45 

113 

44 

48.7 

1.62 

.4 

4.2 

6.80 

6.40 

45 

.2 

+ 

3.2 

5.18 

5.38 

46 

0 

- 

2.2 

3.56 

3.56 

u.k 

44 

49.0 

1.61 

2.66 

_ 

4.5 

7.24 

4.58 

45 

+ 

3.5 

5.64 

8.30 

46 

- 

2.5 

4.02 

1.36 

47 

+ 

1.5 

2.41 

5.07 
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A 

Z_ 

A  even 

A  odd 

Use  eq. 
with 

-  Z  -.5 

»A«A  -5) 

tt®(MEV) 

6  A 

€  A 

115 

kh 

0 

. 

4.8 

7.68 

7.68 

45 

49.3 

1.60 

.2 

+ 

3.8 

6.08 

6.28 

46 

0 

2.8 

4.48 

4.48 

48 

0 

_ 

0.8 

1.28 

1.28 

49 

.5 

+ 

-0.2 

-.32 

.18 

116 

45 

49.6 

1.59 

2.62 

+ 

4.1 

6.32 

9.14 

46 

- 

3.1 

4.93 

2.31 

117 

45 

49.9 

1.58 

.2 

+ 

4.4 

6.95 

7.15 

46 

0 

- 

3.4 

5.37 

5.37 

47 

0 

+ 

2.4 

3.79 

3.79 

48 

0 

1.4 

2.21 

2.21 

49 

.5 

+ 

0.4 

.63 

1.13 

Il8 

45 

50.2 

1.57 

2.58 

+ 

4.7 

7.38 

9.96 

46 

- 

3.7 

5.81 

3.23 

47 

+ 

2.7 

4.24 

6.82 

48 

1.7 

2.67 

• 

0 

VO 

119 

45 

50.5 

1.56 

.2 

+ 

5.0 

7.80 

8.00 

46 

0 

4.0 

6.24 

6.24 

47 

0 

+ 

3.0 

4.68 

4.68 

48 

0 

m 

2.0 

3.12 

3.12 

49 

.5 

+ 

1.0 

1.56 

2.06 

120 

46 

50.8 

1.54 

2.55 

4.3 

6.62 

4.07 

47 

+ 

3.3 

5.08 

7.63 

48 

- 

2.3 

3.54 

.99 

49 

+ 

1.3 

2.00 

4.55 

121 

46 

51.1 

1.53 

0 

4.6 

7.04 

7.04 

47 

0 

+ 

3.6 

5.51 

5.51 

48 

0 

- 

2.6 

3.98 

3.98 

49 

.5 

+ 

1.6 

2.45 

2.95 

50 

0 

- 

0.6 

.92 

.92 

122 

46 

51.4 

1.52 

2.51 

4.9 

7.45 

4.94 

47 

+ 

3.9 

5.93 

8.44 

48 

- 

2.9 

4.41 

1.90 

49 

+ 

1.9 

2.89 

5.40 

123 

47 

51.7 

1.51 

0 

+ 

4.2 

6.34 

6.34 

48 

0 

- 

3.2 

4.83 

4.83 

49 

.5 

+ 

2.2 

3.32 

3.82 
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A 

Z 

124 

47 

48 

49 

52.0 

1.51 

125 

47 

48 

52.3 

1.50 

126 

48 

49 

50 

52.6 

1.49 

127 

48 

49 

50 
52 

52.9 

1.48 

128 

48 

49 

50 

53.2 

1.47 

129 

48 

50 

51 

52 

53.5 

1.46 

130 

49 

50 

51 

53.9 

1.46 

131 

49 

50 

51 

52 

53 

54 

54.2 

1.45 

132 

50 

51 

54.5 

1.44 

133 

50 

51 

52 

54.9 

1.43 

A  even 

“STT" 

A  odd 

“TTT 

Use  eq. 
with 

-Z  -.5 

®a(^a 

^(MEV) 

2.47 

+ 

4.5 

6.80 

9.27 

m 

3.5 

5.28 

2.81 

+ 

2.5 

3.78 

6.25 

0 

+ 

4.8 

7.20 

7.20 

0 

3.8 

5.70 

5.70 

.5 

+ 

2.8 

4.20 

4.70 

2.40 

_ 

4.1 

6.11 

3.71 

+ 

3.1 

4.62 

7.02 

- 

2.1 

3.13 

.73 

0 

m 

4.4 

6.51 

6.51 

.5 

+ 

3.4 

5.03 

5.53 

0 

• 

2.4 

3.55 

3.55 

0 

•• 

0.4 

.59 

.59 

2.35 

4.7 

6.91 

4.56 

+ 

3.7 

5.44 

7.79 

- 

2.7 

3.97 

1.62 

.5 

+ 

4.0 

5.84 

6.34 

0 

3.0 

4.38 

4.38 

•.4 

+ 

2.0 

2.92 

2.52 

0 

- 

1.0 

1.46 

1.46 

2.29 

+ 

4.4 

6.42 

8.71 

• 

3.4 

4.96 

2.67 

+ 

2.4 

3.50 

5.79 

.5 

+ 

4.7 

6.80. 

7.31 

0 

3.7 

5.36 

5.36 

-.4 

+ 

2.7 

3.92 

3.52 

0 

1.7 

2.46 

2.46 

0 

+ 

0.7 

1.01 

1.01 

0 

- 

-0.3 

-.44 

-.44 

2.24 

4.0 

5.76 

3.52 

+ 

3.0 

4.32 

6.56 

0 

4.4 

6.29 

6.29 

-.4 

+ 

3.4 

4.86 

4.46 

0 

* 

2.4 

3.43 

3.43 
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A  even 

A  odd 

Use  Eq. 
with 

fA 

Za-  Z-.5 

^  -5) 

Q®(MEV) 

13U 

51 

55.3 

1.42 

2.19 

+ 

3.8 

5.40 

.7.59 

52 

- 

2.8 

3.98 

1.79 

135 

51 

55.7 

1.41 

-.4 

+ 

4.2 

5-92 

5.52 

52 

0 

- 

3.2 

4.51 

4.51 

136 

51 

56.1 

1.40 

2.14 

+ 

4.6 

6.44 

8.58 

52 

- 

3.6 

5.04 

2.90 

137 

56.5 

1.39 

0 

- 

4.0 

5.56 

5.56 

138 

52 

• 

4.5 

6.165 

4.07 

53 

57.0 

1.37 

2.09 

+ 

3.5 

4.80 

6.89 

139 

53 

57.5 

1.36 

0 

+ 

4.0 

5.44 

5.44 

54 

0 

- 

3.0 

4.08 

4.08 

55 

0 

+ 

2.0 

2.72 

llto 

53 

+ 

4.5 

6.075 

8.13 

54 

58.0 

1.35 

2.05 

- 

3.5 

4.72 

2.67 

55 

+ 

2.5 

3.38 

5.43 

lin 

54 

58.5 

1.34 

0 

4.0 

5.36 

5.36 

55 

0 

+ 

3.0 

4.02 

4.02 

• 

11*2 

54 

59.0 

1.33 

2.0 

_ 

4.5 

5.98 

3.98 

55 

+ 

3.5 

4.65 

6.65 

56 

- 

2.5 

3.32 

1.32 

57 

+ 

1.5 

2.00 

4.00 

143 

55 

59.5 

1.32 

0 

+ 

4.0 

5.28 

5.28 

56 

0 

- 

3.0 

3.96 

3.96 

57 

.35 

+ 

2.0 

2.64 

2.99 

144 

55 

59.9 

1.31 

1.97 

+ 

4.4 

5.76 

7.73 

56 

- 

3.4 

4.45 

2.48 

57 

+ 

2.4 

3.14 

5.11 

145 

55 

60.4 

1.30 

0 

+ 

4.9 

6.37 

6.37 

56 

0 

- 

3.9 

5.07 

5.07 

57 

.35 

+ 

2.9 

3.77 

4.12 

146 

56 

60.9 

1.28 

1.93 

_ 

4.4 

5.63 

3-70 

57 

+ 

3.4 

4.35 

6.28 
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A  even 

A  odd 

Use  eq. 
with 

A 

Z 

®A 

"a 

Za-  Z-.5 

- 

^  ■•5)  (j®(MEV) 

147 

56 

61.4 

1.27 

0 

4.9 

6.22 

6.22 

57 

.35 

+ 

3.9 

4.95 

5.30 

58 

0 

- 

2.9 

3.68 

3.68 

59 

.35 

+ 

1.9 

2.41 

2.76 

60 

0 

- 

0.9 

1.14 

1.14 

148 

57 

61.9 

1.26 

1.89 

+ 

4.4 

5.54 

7.43 

58 

- 

3.4 

4.28 

2.39 

59 

+ 

2.4 

3.02 

4.91 

149 

57 

62.3 

1.25 

.35 

+ 

4.8 

6.00 

6.35 

58 

0 

- 

3.8 

4.75 

4.75 

59 

.35 

+ 

2.8 

3.50 

3.85 

150 

58 

62.6 

1.25 

1.86 

. 

4.1 

5.12 

3.26 

59 

+ 

3.1 

3.88 

5.74 

151 

58 

62.9 

1.24 

0 

- 

4.4 

5.45 

5.45 

59 

•  35 

+ 

3.4 

4.22 

4.57 

152 

58 

63.2 

1.24 

1.84 

_ 

4.7 

5.83 

3.99 

59 

+ 

3.7 

4.59 

6.43 

60 

- 

2.7 

3.35 

1.51 

61 

+ 

1.7 

2.11' 

3.95 

153 

59 

63.5 

1.23 

.35 

¥ 

4.0 

4.92 

5.27 

60 

0 

- 

3.0 

3.69 

3.69 

6l 

.35 

+ 

2.0 

2.46 

2.81 

154 

59 

63.9 

1.22 

1.80 

+ 

4.4 

5.37 

7.17 

60 

- 

3.4 

4.15 

2.35 

6l 

+ 

2.4 

2.93 

4.73 

155 

59 

64.3 

1.21 

.35 

+ 

4.8 

5.81 

6.16 

6o 

0 

- 

3.8 

4.60 

4.60 

61 

.35 

+ 

2.8 

3.39 

3.74 

156 

60 

64.6 

1.21 

1.77 

_ 

4.1 

4.96 

3.19 

61 

+ 

3.1 

3.75 

5.52 

157 

60 

64.8 

1.20 

0 

4.3 

5.16 

5.16 

61 

.35 

+ 

3.3 

3.96 

4.31 

62 

0 

- 

2.3 

2.76 

2.76 
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A 

Z 

A  even 

A 

A  odd 

A 

Use  Eq. 
%rlth 

Z^-  Z-.5 

»A<^A  -  *  -5) 

Q®(MEV) 

158 

60 

65.1 

1.20 

1.74 

. 

4.6 

5.52 

3-78 

61 

+ 

3.6 

4.32 

6.06 

62 

- 

2.6 

3.12 

1.38 

159 

6l 

65.3 

1.20 

.35 

+ 

3.8 

4.56 

4.91 

62 

0 

- 

2.8 

3.36 

3.36 

l6o 

65.5 

1.19 

1.72 

+ 

4.0 

4.76 

6.48 

62 

- 

3.0 

3.57 

1.85 

63 

+ 

2.0 

2.38 

4.10 

l6l 

62 

65.7 

1.19 

0 

3.2 

3.81 

3.81 

63 

.2 

+ 

2.2 

2.62 

2.82 
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62 

65.9 

1.19 

1.70 

3.4 

4.05 

2.35 

63 

+ 

2.4 

2.86 

4.56 

64 

- 

1.4 

1.67 

-.03 
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1*00000047 
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1900000049 

1 100000047 
1700000047 
1900000047 
780000004* 
3*10000047 
4110000047 
7*1000004* 
90*000004* 


1 100000049 
4710000047 
73*0000047 
3980000047 
140000004* 

3900000047 
1030000048 
9400000047 
1900000047 
10*0000047 
I  190000048 
1490000048 
8440000047 
1070000048 
11*0000048 
I  310000048 
9000000049 
1410000047 
1100000048 


1010000044 

4310000044 

3180000044 

4800000043 

1100000044 

9100000044 

1010000049 

3380000044 


1810000049 

43*0000049 

1990000049 

1300000044 

3890000049 
9**000«'049 
7890000049 
9  300000049 
119000004* 
149000004* 
4000000049 
4100000049 


1000000044 

413000004* 

•94000004* 

389000004* 

3900000049 

*40000004* 
1*00000047 
I  300000047 
1400000044 
490000004* 
1470000047 
3010000047 
1 190000047 
4130000047 
4940000047 
3890000047 
180000004* 
170000004* 
3840000047 


CO 

I  lO'^OOOO*! 
1780800091 
•000000890 
3100000091 
1180000091 
1910000091 
3010000091 
90*0000091 
8340008091 
1900000091 
1190000091 
•300000091 
1800000081 
143^000091 
1090000091 
4800000091 
9300000091 
4000000091 
110OO0O091 
1990000081 
1140000091 
*900000091 
1180000091 
111*000091 
1390000091 
7900000091 
14*0000091 
1930000091 
198^000091 
1000000091 
94*0000091 
4  39  0000091 
17*000009} 
1410000091 
13*0000091 
1 110000091 
1808000091 
1800000091 
820^000091 
1800000091 
1911000091 
134*000091 
1014000091 
4*00000051 
1444000091 
1140000091 
9490000091 
1 10^000091 
1708000091 
138*000091 
8900000091 

17*0000091 

193*000091 
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9900000090 
9000000049 
4100000090 
3100000090 
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8000000049 
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1000000091 
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1000000091 
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1000000091 
1000000091 
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9900000090 
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1000000091 
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1 000000091 
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A 
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33  3890000049 

31  34*0000090 

33  9900000049 
34-  7700000047 

34  9900000048 

39  1400000047 

31  4*10000090 

33  1770000090 

34  3900000049 

39  3*10000047 


31  *930000090 

33  1*10000091 

34  1730000049 

39  3990000048 

3*«  438000004* 
3*  1130000041 

31  *930000090 

33  3490000090 

34  4090000049 

39  1170000049 

33  4*20000090 

34  4010000049 

39  1290000049 

3*  1480000047 


.14  27  70000090 

39  4470000049 

3*  *99000004* 


37  *490000047 


34  34*0000090 
39  1940000090 
3*  3*30000046 
37  7900000047 


38  1990000044 

34  *930000090 

39  4990000090 

3*  1100000049 

37  4120000046 

38  793000r04l 

39  3000000049 

39  34*0000090 


191000004* 
3110000048 
3980000048 
9710000047 
7180000047 
180000004* 
3140000041 
483000004* 
1310000048 
I  190000047 


1020000048 

18*0000048 

2200000048 

9000000047 

9000000047 

400000004* 

1*20000048 

34*0000048 

2940000048 

3600000047 


2010000048 

9720000048 

4420000048 

8490000047 

11*0000049 

3000000044 


1440000048 

9080000046 

9080000048 

1440000048 


1420000048 

9440000048 

*880000048 

2240000048 

1700000048 

7900000048 

7704000048 


197*000048 
9*40000048 
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t 190000049 
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2090000048  2990000048 
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4890000048 
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4 

z 
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91 

34 
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91 
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91 

37- 
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0 

91 

37 

8290000047 

3400000048 
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0 

91 

38 
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30*0000048 
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4080< 

2720( 
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0 

91 

39 

1380000044 

9000000044 
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0 

•  2 

39 

4*20000090 

4820000048 

3900000048 

2900< 

0 

92 

3* 

2310000090 

1990000049 
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0 

92 

37 

88A0000048 

1370000049 

2430000049 
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92 

38 
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3140000048 
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92 

39 
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93 

3* 
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93 

37 
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93 

38 
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93 
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1 OOOOOOOf 1 

119 

46 

2310000090 

3040000040 

•240000040 

1340000092 

lOOOOOOOtt 

1  16 

47 

4000000046 

3300000040 

>010000047 

6300000091 

1000000091 

119 

40- 

3600000040 

3340000047 

1 120000040 

0240000091 

1000000091 

1 19 

40 

1 160000040 

2340000047 

1 120000040 

4240000091 

lOOOC 00091 

1  19 

46 

6600000047 

6700000044 

1000000049 

9400000091 

1000000091 

130 

46 

3460000090 

3700000040 

0700000040 

0140000091 

1000000091 

130 

47 

>160000090 

3000000040 

1044000047 

1926000093 

lOOOOOOOtt 

130 

40 

6420000047 

1130000040 

6220000040 

1660000091 

lOOOOOOOtt 

130 

46 

1260000046 

1900000040 

9000000049 

200000009) 

lOOOOOOOtt 

131 

46 

4620000090 

1000000040 

4400000040 

1400000092 

lOOOOOOOtt 

121 

47 

1730000090 

3390000040 

1  062000047 

1  10200009^' 

•400000091 

>21 

40 

2770000046 

1070000040 

•620000040 

7660OO009I 

lOOOOOOOtt 

121 

46 

6240000040 

1000000047 

1 700000040 

960000009I 

1000000091 

121 

90 

7| 30000049 

7000000090 

lOOOOOOOtt 

122 

46 

4620000090 

O0OOOOOO4T 

2000000040 

6000000091 

1000000091 

47  2310000090 
40  1730000049 
49  1940000049 
47  2770000090 
40  7700000049 
49  2310000049 
90  5900000043 
47  3460000090 
40  6933000049 
49  3460000047 
47  3460000090 
40  1390000090 
49  4633000049 
90  0930000044 

51  1100000043 


40  2310000090 

49  9900000049 

90  2310000047 

91  2140000046 

46  4630000090 

49  2310000090 

50  9170000046 

91  2190000049 


52-  7640000043 
92  2090000046 
40  6930000090 
49  3460000090 

90  2030000047 

91  1I20000040 
49  4620000090 
90  1260000090 


3030000040 

2010000040 

6000000047 

2770000040 

3910000040 

1400000040 

3000000046 

1900000040 

3690000040 

2940000040 

7200000047 

3340000040 

3610000046 

1060000049 


3090000040 

4000000040 

3410000040 

1900000047 

2l6OOOA04n 

6160000040 

4760000040 

9100000047 


3900000044 
1600000049 
1270000049 
7400000040 
9600000040 
3920000040 
7330000040 
I  390000049 


I  096000047 
1230000047 
4060000046 
7796000046 
1 036000047 
9363000046 
3360000049 
9696000046 

I  310000047 
0904000046 
3133000046 

I  37000004  7 
1433000047 
4733000046 


3694000047 
4073000047 
2930000047 
1940000046 
4949000047 
9690900047 
7  I  30000047 
1000000047 


6440000047 

2396000040 

2296000040 

6440000047 

2939000040 

3920000049 


1900000093 
3000900091 
1000090093 
1360000093 
9600000091 
7640000091 
3040000091 
1094900093 
9630000091 
1290000093 
1440000093 
I  I4000C093 
9400000091 
4740000091 
■000000090 
1320000091 
6000000090 
M00000090 
2600000090 
7430000091 
1404000093 
1460000091 
2000000091 
1302000092 
1 106000093 
7100000091 
3140000091 
3330000091 
1720000091 

1400000091 
9I2O0OO09I 
1950000093 
3340000091 
9000000091 
1360000093 
076 >000001 


1 00000009 t 
1000000091 
1900000091 
1000000091 
1 00000009 1 
1000000091 
1000000091 
1 00000009 1 
1000000091 
1000000091 
1000000091 
1900000091 
9900000099 
9000000949 
1400000090 
4900000090 
1300000090 
3900000090 
1000000091 
1 00000009 1 
1000000091 
1000000091 
1000000091 
1000000091 
1 00000009 1 
3000000090 
2000000090 
9000000090 
1000000091 
9900000090 
1000000091 
1000000091 
1000000091 
1000000091 
1000C0009I 
1000000091 


Z  LAMOO  Fu230  Fu239 

91  4900000046  7540000040  2020000040 


3399000044 

1000000047 


4030000090 

4040000040 

1030000040 

6930000090 

3400000040 

9000000047 

0430000049 


1990000047 

9000000047 


4100000040 

1400000049 

1370000049 

3430000040 

|49000004<‘ 

1090000049 

3990000047 


9390000040 

9900000040 

3400000049 

•930000040 


>4  70000090 
3030000040 
1030000047 
1030000047 
9700000040 


>490000049 
1930000049 
I  *‘'7000049 
36.  « 300047 
3300000047 

1100000050 

5700000040 

2000000046 


LAMOO 

2110000046 

3>|OOOO09O 

1160000090 

•060000040 


99  6220000044 

93  3> 10000090 

9>  3190000049 

93  3190000049 

90  3960000040 

99  0360000041 

93  3460000090 

93  1170000090 

94  6790000047 

99  3990000047 

93  3970000090 

94  1690000049 

99  1330000040 

50  1300000047 


93  4620000050 

94  4330000047 

99  1090000047 

96  6270000044 

97  4790000049 


90  4000000090 

99  7T00000047 

90  6420000047 

97  90T0000046 

90  2420000044 

94  4620000090 

99  1160000049 

96  1920000040 

97  1900000047 

99  3460000090 

90  1160000090 

97  6000000047 

90  9030000045 


6000000040 

7000000040 


3040^00040 
■310000000 
AO0O00OO00 
3700000000 
1 1 1 9000009 
1370000009 
2100000000 


9000000040 
31 10000049 
1400000049 
3310000040 


0440000040 

1940000049 
1 090000049 


1000000049 
3900000040 
1070000049 
3400000049 
I  190000049 

to  10000049 
2910000049 
1010000049 


Fu330 

3170000040 

433000004^ 

1900000049 

3030000049 


1 1 30000049 
I  740000049 
1 040000009 
9000000047 


0600000040 
2010000049 
I  190000049 


2710000049 

3200000049 

1440000049 

1220000049 

2990000049 

1910000049 


1400000040 

Fu330 

1400000060 

9400000000 

2330000009 

3490000009 


3040000040 

1040000049 

1039900049 

3300000049 

0040000049 

7740000040 
1  100000049 
3390000049 
1400000049 

9979000049 

1990000049 

1000000049 

4910000040 


7900000040 

1990000047 

2070000047 

9200000040 


7330000040 

1930000047 

1420000049 

3300000040 


3070000040 

1440000049 

1040000047 

9070000040 

•3OOOOOO40 

1670000049 

9000000040 

7300000047 


1790000069 
3700000009 
3704000009 
1900000049 
I  300000000 

00OOOOOO00 

3900000009 

3300000049 

9000000040 

3090000049 

3740000049 

1430000049 

9000000047 


•400000040 

3490000049 

3330000049 

9400000040 


1960000049 
3610000049 
I  390000049 
•000000047 


•100000040 

3410000049 

3150000049 

9300000040 

1030000049 

3440000049 

1260000049 

0000000047 


3740000091 

3400000091 

3130000001 

3600000091 

3160000091 

0000000090 
1300000091 
1400000091 
3900000091 
1743000003 
9340000001 
t 100000003 
1403000003 
1 073000003 
7040000091 
0400000000 
S I40000001 
1900000001 
6930000001 
3700090001 
3300000001 
0300000001 
0OOOOOOO0O 
1030000091 
1316000001 
0700000000 
7040000091 
1313000093 
0000000090 
0340000091 
3O6OOOOO01 
3330000091 
1000000091 
1390000093 
0920000091 
6060000091 
6060000091 
4000000091 
3600000091 
3600000091 
9000000090 

7000000000 
1910000093 
3900000091 
9000000091 
>000000091 
111*000093 
9000000091 
1000000091 
3000000091 
300000009 1 


30 

1 100000091 
1930000091 
1710000093 
9000000091 
1600000093 
1 130000093 
0600000091 
9600000091 
6020000090 
1314000091 
1 103000093 

I  300000093 
7000000091 
1030000091 
3340000091 
0140000091 
1370000093 
4900000091 
6000000091 
9300000091 
1000000093 
0160000091 
4400000091 
4760000091 
466000009 1 
1649000091 
1636000093 
9340000091 
1006000093 
2000000091 
0000000090 
4400000091 
3340000091 
2730000091 
3300000091 
1720000091 
0400000090 
1072000092 
004000009I 
9000000091 
4000000091 
1000000091 
1160000091 
0000000090 
7000000091 
1330000092 
2040000091 
•000000091 
1096000092 
7020000091 
6000000091 
2000000091 
2260000091 
1400000091 
1000000091 


2000000090 
2000000090 
2000000090 
3000000000 
3000000090 
1000000091 
1000000000 
4000000046 
1000000090 
7100000090 
1OOOOOOO01 
1000000001 
1000000091 
1000000091 
1000000091 
1000000091 
9300000090 
1700000090 
4000000046 
47000G0046 
1900000090 
3900000090 
0000000090 
3000000006 
7000000040 
0730000000 
6300000046 
1000000091 
1000000091 
1000000091 
1000000090 
3400000090 
3300000090 
3000000090 
1000000091 
1000000091 
1000000091 
1000000091 
3000000090 
7000000090 
6 1 00000090 
6000000046 
1000000091 
1000000091 
1000000091 
1000000091 
9000000090 
9000000090 
1000000091 
1000000091 
3900000090 
4000000090 
3900000000 
1000009001 

A 

3000000046 
6700000090 
1000000001 
1000000901 
3900000090 
3000000000 
3000000090 
3900000090 
6300000090 
7000000046 
1000000091 
1000000091 
1000000091 
1000000091 
6300000090 
0000000046 
1000000091 
1000000091 
1000000091 
7300000090 
1900000090 
1000000091 
1000000091 
1000000091 
1900000090 
6000000090 
1600000090 
1000000091 
1000000091 
1000000091 
7900000090 
3900000090 
#000000046 
1400000090 
3000000090 
3000000090 
1 300000090 
J 000000090 
1000000091 
I  000000091 
1000000091 
6900000090 
9000000046 


3 


TABLE  n 


INPUT  DATA  CHARACTERISTICS  U*”  AND 


z 

L6MSO 

Puts* 

Fo239 

91 

49B0000046 

7940000040 

202900004* 

92- 

23*0000044 

1990000047 

600000004* 

92 

1600000047 

9*00000047 

700000004* 

4* 

4*20000090 

41*000004* 

3*4000004* 

90 

4440000040 

14*000004* 

*21000004* 

91 

1630000040 

137000004* 

604000004* 

4* 

6*30000090 

243000004* 

270000004* 

SO 

340000004* 

14*000004* 

111000004* 

91 

9000000047 

1**000004* 

127000004* 

Sl¬ 

6420000049 

3**0000047 

210000004* 

at 

4620000047 

79*0000040 

2I0C0O0O4* 

93 

**00000046 

2060000047 

(000000047 

SO 

9290000046 

*0*000004* 

1 13000004* 

91 

990000004* 

21  1000004* 

1 74000004* 

92 

24*0000049 

14*000004* 

104000004* 

S3 

0920000046 

221000004* 

•000000047 

90 

3470000090 

4440000040 

0*0000 0040 

91 

2620000040 

1*4000004* 

20(000004* 

92- 

92- 

1030000047 

1*30000047 

109000004* 

1  i*oeooo-«* 

92 

97*0000040 

109000004* 

1 1*000004* 

S3 

*290000049 

612000004* 

4400000040 

94- 

34*0000049 

1000000049 

94 

1920000049 

3*0000004* 

SI 

1 3*000004* 

1*7000004* 

271000004* 

92 

2620000047 

24*000004* 

320000004* 

93 

2200000047 

1 1*000004* 

144000004* 

91 

1 160000090 

101000004* 

122000004* 

92 

97*0000040 

291000004* 

29*000004* 

S3 

20*000004* 

1*1000004* 

1*1000004* 

9*- 

7400000047 

*300000047 

1400000040 

eo 

3T«0000O»t 
MOOOOOMI 
aitoooooffi 
IMOOOOOVl 
t 1*0000031 

M00000080 
1300000001 
1*00000001 
tOOOOOOOOl 
1741000001 
0340000001 
1 lOOOOOOOt 
14*<00000> 
1070000001 
7040000001 
0400000000 
1140000001 
10*0000001 
4000000001 
0700000081 
0300000001 
4000000001 
OOOOOOOOOO 
1*30000001 
101*000001 
*700000000 
70*0000001 
1310000000 
*000000000 
4040000001 
30*0000001 
0300000001 
1*00000001 
109*000000 
••OOOOOOOl 
*0*0000001 
*0*0000001 
40OCOOOOOI 
0*0000000 I 
0*00000001 
OOOOOOOOOO 

7000000000 

ttioooooot 

30*0000001 
900000000 I 
3000000001 
1114000090 
0000000091 
lOOOoOOOOl 
tOOOOOOOOl 
tOOOOOOOOl 


A 

0000000090 
OOOOOOOOOO 
0000000090 
OOOOOOOOOO 
0000000090 
1000000091 
1000000090 
4000000040 
1900000090 
7100000090 
1000000091 
1000000091 
1000000091 
1000000091 
1 00000009 1 
1000000091 
9*00000090 
1700000090 
4*00000049 
4700000049 
1900000090 
0000000090 
*000000090 
0000000049 
700000004* 
*7*0000090 
9300000049 
1000000091 
1 00000009 I 
1 00000009 1 
1*00000090 
0400000090 
0300000090 
0000000090 
1000000091 
1000000091 
1000000091 
1000000091 
OOOOOOOOOO 
7000000090 
91000000*0 
9000000049 
1000000091 
1000000091 
tOOOOOOOOl 
1000000091 
9000000090 
9000000090 
1000000091 
1000000091 
3900000090 
4000000090 
0900000090 
1000000091 


0  LAMOO  Fu03*  f^U039 

•4  0110000044  017000004*  140000004* 


91  0310000090 

90  11*0000090 

93  *0*000004* 


403000004* 

19*0000049 

0430000049 


940000004* 

0*30000049 

0490000049 


99  *0*0000044 


*730000047  303*9O004>7 


9*  0310000090 

93  3190000049 

93  3190000049 

94  *9*000004* 

99  *0*0000041 


304000004* 

1*40000049 

1*39000049 

03*0000049 

**40000049 


1 790000049 
J 700000049 
*704000049 
1900000049 
130000004* 


SO  34*0000090 

93  1170000090 

94  *790000047 

99  3990000047 


774000004* 
1 1*0000049 
2390000049 
14*000004* 


•*0000004* 

*9*0000049 

*300000049 

9*0000004* 


93  2970000090 

94  1*90000049 

99  122000004* 

96  13*0000047 


9970000C4* 

1990000049 

1**0000049 

4910000040 


*090000049 

*740000049 

14*0000049 

9000000047 


93  4620000090 

94  4330000049 
99  1090000049 
96  6270000044 


79*000004* 

1990000049 

2090000049 

920000004* 


•40000004* 

2490000049 

*230000049 

940000004* 


97  4790000049  3700000047 


94  4000000090 

99  7700000049 

96  6420000047 

97  9070000046 


7230000040 

1920000049 

1420000049 

23*0000040 


1960000049 
*610000049 
I  390000049 
•000000047 


96  2420000044  4700000049 


94  4620000090 

99  1160000049 

96  1920000040 

97  1900000047 

99  3460000090 

96  1160000090 

97  6000000047 

96  9630000049 


309CC.00049 

1440000049 

1*40000049 

9070000040 

93*0000040 

1690000049 

9000000046 

7200000047 


•10000004* 

*410600049 

2190000049 

920000004* 

1*20000049 

2440000049 

1269000049 

6000000047 


CO 

110000*091 
1**0000091 
171000009* 
9*00000091 
1400000092 
II2O000092 
*400000391 
9400000091 
**20000090 
1 3 1 400009 1 
1 10*00009* 

130000009* 
7000000091 
10*0000091 
2340000091 
•140000091 
137*000092 
4*00000091 
*000000091 
9300000061 
100*000092 
* I *000009 1 
4400000091 
47*0000091 
44*0000091 
1*40000091 
1*2*000092 
9340000091 
10**000092 
2000000091 
*000000090 
4400000091 
3240000091 
2720000091 
2300000091 
1720000091 
*400000090 
1072000092 
*040000091 
9*00000091 
4**0000091 
1*00000091 
1 1 *000009 1 
*000000090 
79*0000091 
133000009* 
2*40000091 
*000000091 
109*000092 
79*0000091 
*000000091 
2*00000091 
*2*0000091 
14*0000091 
1000000091 


A 

3000000049 
9700000090 
1000000091 
1000000091 
2900000090 
2900000090 
290000009V 
2900000090 
9  300000090 
7000000049 
1000000091 
1000000091 
1000000091 
1000000091 
9200000090 
9000000049 
10000 0009 I 
1 00000009 I 
1000000091 
7300000090 
1900000090 
1000000091 
1000000091 
1000000091 
1900000090 
*600000090 
1900000090 
1000000091 
1000000091 
lOOOO 00001 
7900000090 
2900000090 
*000000049 
1400000090 
3000000090 
2000000090 
1200000090 
1*00000090 
1000000091 
1000000091 
1000000091 
9900000090 
9000000049 
3000000090 
7000000090 
1000000091 
I  000000091 
1000000091 
1000000091 
1000000091 
1000000091 
1000000091 
3700000090 
4000000090 
9000000049 
1200000090 


0 

',o 

0 

0 

0 

o 

1 

o 

0 

o 

0 

• 

0 

I 

0 

0 

0 

.0 

0 

o 

o 

0 

o 

1 

0 

o 

0 

o 

o 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

I 

• 

0 

I 

0 

0 

0 

1 

0 

0 

0 


143 

144 
144 
144 
144 


144 


149 
149 
149 
1 49 
149 
14* 
14* 

146 
14* 

147 
147 
147 
147 
147 


147 

140 

14* 

14* 

149 

149 

149 

149 


149 

190 

150 

190 

191 
191 
191 
tSl 

191 

192 
192 
192 

192 

193 
193 
193 
193 


4 

194 

194 

194 

199 

199 

199 

199 

199 

196 

196 

196 

196 

197 
197 
197 
197 

190 

196 
190 
19* 
199 
199 
199 

197 

160 

160 

160 

160 


1*1 

1*1 


0 

0 

0 

0 

0 

0 

t 

0 

0 

0 


LAM90  FU23* 


Fu*3« 


CO  A 


Forbid^ 


94  9930900044 

99  4*20000090 

96  10*0000090 

97  4*20000040 

96  2*10000043 


472000004* 
1420000049 
1 1*0000040 
*4*0000040 


**0000004* 

2090000040 

1**0000040 

490000004* 


60  6*00000047  3*00000049 


99  *030000090 

9*  34*0000090 

97  7700000040 

9*  3*9000004* 

90  324000004* 

96  4*20000090 

97  1730000090 

96  *310000047 

90  4730000047 


1*7000004* 
02*000004* 
1*00000040 
909000004* 
1000000047 
9*0000004* 
I  190000040 
700000004* 
0000000047 


1*9*00004* 

1430000040 

1010000040 

000000004* 

*000000047 

*40000004* 

1*00000040 

1300000040 

2*0000004* 


9*  *030000000 

97  34*0000090 

90  7700000040 

90  **0000004* 

*0  7230000044 


242000004* 

••*000004* 

*9*000004* 

2410000040 

1200000046 


2***0000** 

I  0*000004* 
I  29000004* 
970000004* 
2000000047 


*1  *3*0000042 
97  34*0000090 
9*  **0000004* 
9*  ***000004* 
97  4*20000090 
9*  1**0000090 
9*  231000004* 
*0  *62000004* 


274000004* 

*1*000004* 

6*9000004* 

*100000047 

944000004* 

704000004* 

29*000004* 


444000004* 

*90000004* 
700000004* 
129000004* 
911000004* 
973000004* 
I **000004* 


39*0000049 
2770000090 
4*2000004* 
71 3000004* 


390000004* 

•**000004* 

•*•0000040 

4200000047 


300000004* 

294000004* 

3*2000004* 

*070000047 


9*  34*0000000 

9*  **0000004* 

*0  7700000047 

*1  7000000049 

*2  23*0000041 

9*  4*20000090 

9*  13*0000090 

*0  3*90000040 

*1  1*20000047 

9*  2310000090 

*0  399000004* 

*1  12*0000040 

*2  4100000049 


1300000040 
4420000040 
3*90000046 
0*00000047 
2000000049 
3900000047 
2320000040 
3300000040 
1420000040 
1610000040 
23*0000040 
1 140  0  00040 
9700000046 


6*00000047 

2000000040 

1*30000040 

4900000047 

3***000O47 
1 13000004* 
I  34000004* 
6000000047 
3*20000047 
6*60000047 
4640000047 
9*00000046 


400we00090 
I •600000*1 
1946000092 
4*60000091 
1022000092 
6900000090 
OOOOOOOOOO 
3600000090 
6000000091 
4*00000091 
1 *0000009 I 
1274000092 
1014000092 
•260000091 
4000000091 
3400000091 
740000009I 
129*000092 
1900000091 
7400000091 
4*00000091 
1244000092 
10*0000092 
77*0000091 
9920000091 
1*00000091 
1200000091 
7*00000090 
4900000090 
I ***000092 
47*0000091 
*020000091 
1270000092 
*90*000091 
7700000091 
300*000091 
2200000091 
1*0*000091 
tOOOOOOOOl 
*92*000091 
114*000092 
*100000091 
4020000091 
10*0000092 
•I4000009I 
3***000O91 
2200000091 
192*000090 
7**0e0009l 
ItOAOOOOOt 
3020000091 
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